The volatile flavor components of flower, leaf, peel and juice of 'Page' mandarin were investigated in this study. Flower components were extracted by using ultrasound (US) water bath apparatus and then eluted by n-pentane : diethylether (1:2) solvent. Leaf flavor components were extracted by using water distillation method and then eluted by using n-hexane solvent. Juice flavor components were extracted by using poly dimethyl siloxane membranes (PDMS) and then eluted by pentane : dichloromethane (2:1). Peel flavor components were extracted by using cold-press and then eluted by using n-hexane. Then, they were all analyzed by GC-FID and GC-MS. 37 flower components, 53 leaf components, 54 peel components and 47 juice components including: aldehydes, alcohols, esters, ketones, monoterpenes, sesquiterpenes and other components were identified and quantified. The major flavor components were linalool, limonene, sabinene, -pinene, -myrcene, -3-carene, terpinene-4-ol andterpineol. The flower oil showed the highest content of aldehydes and alcohols. Since the aldehyde content of citrus oil is considered as one of the most important indicators of high quality, organ apparently has a profound influence on P ge mandarin oil quality.
INTRODUCTION
Citrus hybrids have a lot of variables as a result of hybridization of many fine-quality mandarins and grapefruits, and many of these varieties are now being used successfully for juice production and as fresh fruit (Fotouhi Ghazvini and Fattahi moghadam, 2007) . 'Page' mandarin that resulted from a cross between 'Dancy' tangerine, 'Duncan' grapefruit, and 'Clementine' mandarin, is a hybrid citrus crop and has been regarded as a citrus fruit with potential commercial value because of its attractive and pleasant aroma (Fotouhi Ghazvini and Fattahi moghadam, 2007) . In Citrus L. species, essential oils are present in special oil glands in flowers, leaves, peel and juice. These valuable essential oils are composed of many compounds including: terpenes, sesquiterpenes, aldehydes, alcohols, esters and sterols. They may also be described as mixtures of hydrocarbons, oxygenated compounds and nonvolatile residues. Essential oils of citrus are used commercially for flavoring foods, beverages, perfumes, cosmetics, medicines, etc (Salem, 2003) . Up to now, numerous investigations have been performed aimed at identifying the aroma volatiles in the mandarin flower Salem, 2003; Kharebava and Tsertsvadze, 1986; Yoshikawa et al., 1996) , leaf (Salem, 2003; Lota et al., 2000 Lota et al., , 2001 Ekundayo et al., 1990) , peel (Lota et al., 2000 (Lota et al., , 2001 Babazadeh Darjazi, 2009; Babazadeh Darjazi et al., 2009 ) and juice (Babazadeh Darjazi, 2009; Babazadeh Darjazi et al., 2009; Yajima et al., 1979) . The quality of an essential oil may be calculated from the quantity of oxygenated compounds present in the oil . Branched aldehydes and alcohols are important flavor compounds in many food products (Salem, 2003) .
Various studies have shown that the tangerine-like smell was also suggested to be mainly based on carbonyl compounds, such as -sinensal, geranial, citronellal, decanal and perilaldehyde (Salem, 2003; Babazadeh Darjazi, 2009 ). The quality of a honey may be calculated from the amount of oxygenated components present in the honey (Alissandrakis et al., 2003; Alistair et al., 1993) and various flowers may influence the quality of volatile flavor components present in the honey. It had been recognized previously that oxygenated compounds are important factor in deceiving and attracting the pollinators. These results may have consequences in yield in agricultural (Kite et al., 1991; Andrews et al., 2007) . There have been very few studies on the essential oils of page mandarin, even though citrus oil compositions have been investigated in many areas throughout the world. In this paper, we compared the volatile compounds isolated from fresh flowers, leaves, peel and juice of 'Page' mandarin with the aim of determining whether the quantity of oxygenated compounds was influenced by the organs.
MATERIALS AND METHODS
In 1989, 'Page' mandarin trees, grafted on 'Yuzu' rootstock, were planted at 8 × 4 m 2 with three replication at Ramsar Research Station [latitude 36° 54' N, longitude 50° 40' E; Caspian Sea climate, average rainfall 970 mm per year and average temperature 16.25°C; soil was classified as loam-clay, pH range (6.9 to 7)].
Preparation of flower and leaf sample
In the early week of June 2007, about 500 g of leaves and at least 50 g flower were collected from many parts of the same trees, located in Ramsar Research Station, early in the morning (6 to 8 am) and only during dry weather.
Preparation of peel sample
In the last week of November 2007, at least 10 mature fruit were collected from many parts of the same trees located in Ramsar Research Station. About 150 g of Page mandarin peel of fresh mature fruit was cold-pressed and then, the oil was separated from the crude extract by centrifugation (at 4000 rpm for 15 min at 4°C). The supernatant was dehydrated with anhydrous sodium sulfate at 5°C for 24 h and then filtered. The oil was stored at -25°C until analyzed. The percent of cold-pressed peel oil is shown in Table 2 .
Preparation of juice sample
In the last week of December 2007, at least 10 mature fruit were collected from many parts of the same trees located at Ramsar research station. 'Page' mandarin juice was obtained by using the Indelicator Super Automatic, Type A2 104 extractor (China). After extraction, juice was screened to remove peel, membrane, pulp and seed pieces according to the standard operating procedure. Each juice replicate was made with 10 'Page' mandarins. Three replicates were used for the quantitative analysis (n = 3).
Flower extraction technique
The methodology used in this study, was described by Allissandrakis et al. (2003) . In order to obtain the volatile compounds from the flowers, 50 g of fresh flowers were placed in a 2000 ml spherical flask, along with 300 ml of n-pentane : diethylether (1:2). The flask was covered and then placed in an ultrasound (US) water bath apparatus for 20 min. Ultrasonic extractions were performed with an ultrasound cleaning bathFisatom Scientific-FS14H (Frequency of 40 KHz, nominal power 90 W and 24 × 14 × 10 cm internal dimensions water bath). The temperature of the US water bath was held constant at 25°C. The extract was subsequently filtered through MgSO4 monohydrate. The extract was finally concentrated with a gentle stream of nitrogen to 1 ml, placed in a vial and sealed. It was kept in the freezer at -4°C until the GC-MS analysis.
Leaf extraction technique
In order to obtain the volatile compounds from the leaf, 500 g of fresh leaves were subjected to hydro distillation for 3 h using a Clavenger-type apparatus. N-hexane was used to isolate the oil layer from the aqueous phase. The hexane layer was dried over anhydrous sodium sulphate and stored at -4°C until used.
Juice extraction technique
The samples were passed through a PDMS membrane (poly dimethyl siloxane) in the plate and frame geometry with a total area of 0.257 m 2 , namely pervap 1060 which contains corporate silicates for isolation of flavor compounds (Table 3) . Extraction was done in triplicate. The flavor compounds were eluted successively with 50 ml of pentane; dichloromethane (2:1, v/v). The elute was dried over anhydrous sodium sulfate. A volume of 1 l of the pervaporated sample was injected into GC-MS for analysis.
GC and GC-MS
An Agilent 6890 N gas chromatograph (USA) equipped with a DB-5 (30 m × 0.25 mm i.d; film thickness = 0.25 µm) fused silica capillary column (J&W Scientific) and a flame ionization detector (FID) was used. The column temperature was programmed from 50°C (2 min) to 188°C (20 min) at a rate of 3°C/min. The injector and detector temperatures were 220°C and helium was used as the carrier gas at a flow rate of 0.8 ml/min and a linear velocity of 22 cm/s. The linear retention indices (LRIs) were calculated for all volatile components using a homologous series of n-alkanes (C9-C22) under the same GC conditions. The weight percent of each peak was calculated according to the response factor to the FID. Some standards such as citronellal, decanal, -sinensal, -sinensal, linalool, terpinene-4-ol, -terpineol, (E) nerolidol, linalyl acetate, geranyl acetate, cis-jasmone, sabinene and limonene were acquired from Sigma-Aldrich. Gas chromatography-mass spectrometry was used to identify the volatile components. The analysis was carried out with a Varian Saturn 2000R. 3800 GC linked with a Varian Saturn 2000R MS.
The oven condition, injector and detector temperatures, and column (DB-5) were the same as those given earlier for the Agilent 6890 N GC. Helium was the carrier gas at a flow rate of 1.1 ml/min and a linear velocity of 38.7 cm/s. Injection volume was 1 µL.
Identification of components
Components were identified by comparing their LRIs and matching their mass spectra with those of reference compounds in the data system of the Wiley library and NIST Mass Spectral Search program (Chem. SW. Inc; NIST 98 version database) connected to a Varian Saturn 2000R MS. Identifications were also determined by comparing the retention time of each compound with that of known compounds (Adams, 2001; McLafferty and Stauffer, 1991) .
RESULTS

Flavor compounds of the 'Page' mandarin flower
GC-MS analysis of the flavor compounds extracted from Page mandarin flower by using ultrasound water bath allowed the identification of 37 volatile components (Table 1 and Figure 1 ): 17 oxygenated terpenes (3 aldehydes, 13 alcohols and one ketone), 14 non oxygenated terpenes ( 9 monoterpens and 5 sesqiterpens) and six other components.
Flavor compounds of the 'Page' mandarin leaf
GC-MS analysis of the flavor compounds extracted from 'Page' mandarin leaf by using water distillation allowed identification of 53 volatile components (Table 1) : 26 oxygenated terpenes (8 aldehydes, 15 alcohols and 3 esters], 26 non oxygenated terpenes (15 monoterpens and 11 sesqiterpens) and one other component.
Flavor compounds of the 'Page' mandarin peel
GC-MS analysis of the flavor compounds extracted from 'Page' mandarin peel by using cold-press allowed identification of 54 volatile components ( (Table 2 ). In addition, they were quantified from 0.44 to 7.16%, that it was determined and reported as relative amount of these compounds in oil in this study. These findings were similar to previous studies (Salem, 2003; Babazadeh Darjazi, 2009 Babazadeh Darjazi et al., 2009 ). Tangerine oil is easily distinguished from other citrus oils by its content of various aliphatic aldehydes. Two main aliphatic aldehydes were -sinensal and -sinensal. In addition, tangerine oil also contained citronellal (Salem, 2003) . -sinensal has a woody aroma (Sawamura et al., 2004) , and is considered as one of the major contributors to mandarin flavor (Salem, 2003) .
Since the aldehyde content of citrus oil is considered as one of the most important indicators of high quality, organ apparently has a profound influence on 'Page' mandarin oil quality. Among the four organs examined, flower showed the highest content of aldehydes (Table 2) .
Flower aldehydes were also compared with those of leaf, peel and juice in this study. -sinensal andsinensal were identified in flower and leaf oil, while they were not detected in peel and juice. When compared with juice, the flower improved and increased aldehyde components about 16 times for Page mandarin (Table 2) .
Alcohols
25 alcohol components identified in this study were linalool, phenyl ethyl alcohol, P-mentha-trans-2,8-dien-1-ol, terpinene-1-ol, isopulegol, terpinene-4-ol, -terpineol, myrtenol, (z)-piperitol, lilace alcohol B, -citronellol, lilace alcohol D, cis-carveol, geraniol, Perillalcohol, indol, Pmenth-1-en-9-ol, 2,6-dimethyl-2,7-octadien-1,6-diol, elemol, (E) nerolidol, germacrene D-4-ol, spathulenol, -muurolol, -cadinol and E,E-cis-farnesol (Table 2) .
The total amount of alcohols ranged from from 0.99 to 39.27% and it was determined and reported as relative amount of those compounds in 'Page' mandarin oil. Linalool was the primary component in this study and it was the most abundant. Linalool, the most significant alcohol compound of mandarin oil, is recognized as being very important to good mandarin flavor (Salem, 2003; Babazadeh Darjazi, 2009 ). Linalool has a flowery (roselike) aroma (Sawamura et al., 2004 ) and its level is important to flavor character in mandarin flower, leaf, peel and juice (Salem, 2003; Babazadeh Darjazi, 2009 ). Among the four organs examined, flower showed the highest content of alcohols (Table 2) .
Flower alcohols were also compared to those of leaf, peel and juice in this study. Lilace alcohol B, lilace alcohol D, indol, 2,6-dimethyl-2,7-octadien-1,6-diol, E,Ecis-farnesol and phenyl ethyl alcohol were identified in flower oil, while they were not detected in leaf, peel and juice. When compared with juice, the flower (Table 2) .
Esters
Six ester components identified in the analysis were linalyl acetate, citronellyl acetate, neryl acetate, geranyl acetate, limonene-10-yl acetate and P-menth-1-en-9-yl acetate (Salem, 2003; Babazadeh Darjazi et al., 2009 ). The total amount of esters ranged from 0.00 to 1.63% in oil and the geranyl acetate was the most abundant. Among the four organs examined, leaf showed the highest content of esters in oil (Table 2) .
Ketone
Three ketone compound identified in the analysis were carvone, 3,5,5-trimethyl cyclohex-2-en-1-one and cis-jasmone. Among the four organs examined, flower showed the highest content of ketones (Table 2) . Flower ketones were also compared with those of leaf, peel and juice in this study. Cis-jasmone was identified in flower oil, and it was not detected in leaf, peel and juice (Table 2) .
Monoterpenes hydrocarbons
The total amount of monoterpene hydrocarbons ranged from 31.58 to 96.88% in the oil. Sabinene was the major component among the monoterpene hydrocarbons of 'Page' mandarin flower and leaf oil, while limonene was the major component among the monoterpene hydrocarbons of 'Page' mandarin peel oil and juice. Limonene has a weak citrus-like aroma (Sawamura et al., 2004) and is considered as one of the major contributors to mandarin flavor (Salem, 2003) . Among the four organs examined, juice had the highest monoterpenes hydrocarbons in oil (Table 2) .
Sesquiterpenes hydrocarbons
The total amount of sesquiterpene hydrocarbons ranged from 0.66 to 9.28% in the oil. (Z)--farnesene and E, E--farnesene were the major components among the sesquiterpen hydrocarbons of 'Page' mandarin flower oil. Among the four organs examined, flower had the highest sesquiterpenes content (Table 2 ).
DISCUSSION
Our observations that changing organ has an effect on some of the components of mandarin oil are in accordance with other observations (Salem, 2003; Babazadeh Darjazi et al., 2009; Loata et al., 2000) . The compositions of Page mandarin obtained from flower, leaf, peel and juice were very similar. However, relative concentration of compounds differed according to type of materials. When compared with juice, the flower improved and increased alcohol components about 39 times for page mandarin. The amount of alcohol components obtained from juice were low probably because of the decrease in endo-genous enzymes activity (isopentenyl pyrophosphate isomerase (IPI) and geranyl pyrophosphate synthase (GPS)] (Hay and Waterman, 1995) , resulting in decreased labile compounds. Also, the lower proportion of the detected alcohol components in juice was probably due to seasonal temperature (Sekiya et al., 1984) , which is the most important environmental factor in the control of endogenous enzymes.
According to our results, it appears that the relative percentages of the identified compounds depend on the plant part studied. However, it should be kept in mind that the isolation procedure was different (Gauvin et al., 2004; Loata et al., 2000) for flower (ultrasound), leaves (hydrodistillation), peel (cold-press) and juice (pervaporation). This may also influence the chemical composition of the essential oil Babazadeh Darjazi, 2011. The pronounced enhancement in the amount of oxygenated compounds, when flower was used as the organ, showed that either the synthesis of GPP is enhanced or activities of both enzymes (IPI and GPS) increased (Hay and Waterman, 1995) .
Conclusion
In this study, we found that the percentage of flavor compounds was significantly affected by organ. The essential oil obtained from the flower contained more oxygenated compounds and fewer monoterpene components than those isolated from the leaf, peel and juice. It is easy to observe the significant variations among flower and other organs, mainly in terms of the quantities of oxygenated compounds. The essential oils and their aroma compounds are very important and widely used in hygienic products, aromatherapy, pharmacy, food industries, cosmetics and other areas. Therefore, many studies, such as this, is very crucial in order to identify the type of chemical constituents that exist in the materials that are to be used, before the essential oil can be utilized in those industries. Further research on the relationship between organ and essential oil (oxygenated terpenes) is necessary.
